Regulation of Ca2+/calmodulin-dependent protein kinase II by Ca2+/calmodulin-independent autophosphorylation.
The autophosphorylation of Ca2+/calmodulin-dependent protein kinase II (CaM-KII) results in the generation of kinase activity that is largely Ca2+/CaM-independent. We report that continued Ca2+/CaM-independent autophosphorylation of CaM-KII results in the generation of distinct phosphopeptides as identified by high performance liquid chromatography and enzymatic properties that are different than those observed for Ca2+/CaM-dependent autophosphorylation. These Ca2+/CaM-independent properties include (a) increased catalytic activity, (b) higher substrate affinity for the phosphorylation of synapsin I, and (c) decreased CaM-binding to both CaM-KII subunits as analyzed by gel overlays. Our results indicate that the autophosphorylation of only one subunit per holoenzyme is required to generate the Ca2+/CaM-independent CaM-KII. We suggest a two-step process by which autophosphorylation regulates CaM-KII. Step I requires Ca2+/CaM and underlies initial kinase activation. Step II involves continued autophosphorylation of the Ca2+/CaM-independent kinase and results in increased affinity for its substrate synapsin I and decreased affinity for calmodulin. These results indicate a complex mechanism through which autophosphorylation of CaM-KII may regulate its activity in response to transient fluctuations in intracellular calcium.